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Abstract 
Renewable energy technologies are being developed to solve increasing electrical energy needs. Hydro energy is 
playing an important role. This paper presents a new concept of hydrokinetic turbine inspired by fish-like motion. 
The device is based on using an oscillating turbine to extract energy from vortices which are produced from an 
upstream cylinder. The objectives of this study were: 1) to find out the parameters which affected mechanical power 
and efficiency, 2) to find out the optimum condition of an oscillating water turbine and 3) to design a full-scale 
prototype with a cycle-averaged power of 100 W using the similarity methods. The results of the study were as 
follows: 1) mechanical power and efficiency depended on flow velocity U, diameter of cylinder D, longitudinal 
distance between cylinder and turbine S, friction torque T and spring stiffness k, 2) the optimum condition which 
defined as condition of an oscillating turbine with maximum efficiency was at Reynolds number Re = 50645, the 
ratio of the longitudinal distance between cylinder and turbine S to diameter of cylinder D = 10.4, the reduced friction 
torque T* = 2.7 , the reduced spring stiffness k* = 0.004 and 3) the dimensions of full-scale prototype with a cycle-
averaged power of 100 W were presented. 
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Keywords: Hydro Energy; Vortices; An oscillating turbine 
1. Introduction 
Nowadays, energy consumption has become a key issue in both environmental and economic side. The 
high rate of fossil fuel consumption causes environmental damage and lack of resources in the future [1]. 
Therefore, it is essential to urgently seek for alternative energy which comes from sunlight,   
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wind, hydro, biomass and geothermal to replace non-renewable energy from fossil fuel. The ocean energy 
includes wave power, tidal currents and thermal and salinity gradients can also provide an abundant 
supply of renewable energy. There are quite a few companies working on developing tidal currents 
converters [2]. OpenHydro, an Irish company, proposed “Open-Center Turbine”. It is an open-center and 
rim-generator style tidal turbine. A 250 kW prototype, which has installed at the European Marine Energy 
Centre (EMEC) Orkney, Scotland, was tested and connected to the grid on 26th May, 2008. VIVACE 
(Vortex Induced Vibrations Aquatic Clean Energy) converter, the University of Michigan patented, uses 
the physical phenomenon of vortex induced vibration in which water current flows around cylinders 
inducing transverse motion. The energy contained in the movement of the cylinder is converted to 
electricity. The prototype successfully tested in Michigan's St. Clair River in 2010, but no information on 
their progress is available. The bioSTREAM tidal power conversion system, an Australian company, uses 
the biomimicry of swimming species such as shark and tuna. The device is based on using a variable-
pitch oscillating hydrofoil to generate power from tidal currents. A 250 kW prototype is under 
development.                                
…In this paper we propose an oscillating water turbine, a new concept of hydrokinetic turbine inspired by 
fish-like motion. The main objectives of this study are: 1) to find out the parameters which affect 
mechanical power and efficiency, 2) to find out the optimum condition of an oscillating turbine and 3) to 
design a full-scale prototype with a cycle averaged power of 100 W using the similarity methods.                            
    The paper is organised as follows. The experimental apparatus is described in Section 2. The 
experimental results are presented in Section 3. Finally, Section 4 provides the conclusion. 
              
Nomenclature 
 
U  flow velocity      T            friction torque                             
U   cycle-averaged flow velocity   k spring stiffness                                             
.D diameter of cylinder    y overall extent of the turbine                        
.S longitudinal distance between cylinder   vertical motion  
 and turbine     z turbine span                                              
.L transverse distance between cylinder              U  water density 
 and turbine                 P  water dynamic viscosity 
 Re Reynolds number, /UDU P                ( )tZ         instantaneous angular velocity   
 *T  reduced friction torque, 2 3/T U DU                ( )P t   instantaneous power 
 *k  reduced spring stiffness, 2 3/k U DU               P  cycle-averaged power 
*P  reduced cycle-averaged power, 3 2/P U DU               aP  total power available 
( )tW        instantaneous torque               K  efficiency 
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2. Experimental apparatus 
2.1. Conceptual design 
It is interesting to note that design approach for an oscillating water turbine is based on biomimicry, 
where the energy harvesting by fish-like motion is adopted for the device design. Fish commonly live in 
high-energy environments such as rivers and streams. They usually encounter vortices which are 
generated from fluid flow past stationary objects or by the propulsive movement of other fish. It seems 
reasonable that fish may harvest the energy from vortices to reduce its muscle activity [3]. Sketched 
configuration of an oscillating water turbine is shown in Fig.1 (a). The device is based on using an 
oscillating turbine to extract energy from vortices which are produced from an upstream cylinder. In order 
to find out the parameters which affect mechanical power and efficiency, the parameters, namely, flow 
velocity U, diameter of cylinder D, longitudinal distance between cylinder and turbine S, transverse 
distance between cylinder and turbine L, friction torque T and spring stiffness k are determined. The 
specifications of parameters are listed in Table 1. 
 
 
 
 
 
 
 
 
 
 
  
 
                                           (a)                                                            
 
 
 
 
 
 
 
 
 
 
 
                                               (b)                                                                                              
Fig. 1. (a) sketch of the configuration of an oscillating water turbine; (b) links and turbine motions. 
 
 
 
 Watchara Tongphong and Saroj Saimek /  Energy Procedia  52 ( 2014 )  552 – 558 555
Table 1. Specifications of parameters 
Parameters Specifications 
Flow velocity U  (m/s) 0.5 1.2 1.5 2 
Diameter of cylinder D (m) 0.038 0.064 0.102 
Longitudinal distance between cylinder and turbine S (m) 0.236 0.398 0.553 
Transverse distance between cylinder and turbine L (m) 0 
Friction torque T (Nm) 0-0.65 
Spring stiffness k (mNm/deg) 0.35 2.83 
 
2.2. Experimental model 
Fig.2 shows the schematic view of the complete experimental model with position of instruments. All 
of the experiments were performed at the KMUTT towing tank. The tank is 12 m long and 1m wide with 
a water depth of 0.5 m. A velocity-controlled testing cart rests on a pair of rails which run down the 
length of the tank. Maximum velocity of cart is 2.5 m/s. The cylinder and turbine are each mounted to the 
cart. The circular cylinder is placed upstream of the turbine for generating vortices. The turbine is 
attached to the links, and is restricted to oscillatory motion. The 0.25 m length, aluminum circular 
cylinder is mounted onto the linear slides. Therefore, the relative position between the cylinder and 
turbine is adjustable. The aluminum turbine, NACA0016 cross-section hydrofoil with zero camber, has a 
0.25 m span, 0.1 m chord and pitches around its quarter-chord point. One end of the turbine is set into a 
spiral spring.  
                          … 
 
 
 
 
                          
 
 
 
 
 
                         
   
   
  Fig. 2. Schematic of the complete experimental model with position of instruments. 
 
Three quantities were measured, i.e., torque on the main shaft, the angle of rotation of links and 
turbine. Torque on the main shaft was measured through torque transducer (Sensor Technology RWT321-
DG). It was attached to the cart frame between the main shaft and electro-magnetic brake which was 
applied to provide appropriate load. Encoders (KOYO TRD-S2000B) were employed to measure the 
angle of rotation of links and turbine.                                                                                                                       
Mechanical power and efficiency were calculated. Instantaneous power ( )P t at the main shaft can be 
calculated from dot product of instantaneous torque ( )tW and angular velocity ( )tZ :           
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                  ( ) ( ) ( )P t t tW Z                            (1) 
                                                                                                                                                                 
Total power available aP in the water flow through the extraction plane is given by Eq. (2).                 
       3 / 2P U yza U                          (2)      
Where U is water density 3( 997 / )kg mU  , U  is cycle-averaged flow velocity, y is the overall extent of 
the turbine vertical motion (Fig. 1 (b)) and z is the turbine span. The efficiency K is defined as ratio of the 
cycle-averaged power extracted P to the total power available:    
                       / aP PK              (3)                
3. Experimental results and discussion   
3.1. Effect of parameters on mechanical power and efficiency 
     Fig. 3 (a), (b) and (c) show the cycle-averaged power versus S and U at L = 0 m, k = 0.35 mNm/deg 
and D = 0.038, 0.064 and 0.102 m, respectively. At each diameter of cylinder, the averaged power 
depended on S and U. The maximum averaged power was 0.17 W, generally observed at S = 0.236 m, U 
= 2 m/s, L = 0 m, k = 0.35 mNm/deg, D = 0.038 m and T = 0.28 Nm. Fig. 3 (d) shows the cycle-averaged 
power versus S and U at L = 0 m, D = 0.038 m and k = 0.35 and 2.83 mNm/deg, respectively. The 
averaged power decreased with increasing spring stiffness. Fig. 4 shows the efficiency versus S/D, Re, T* 
and k*. It was found that the efficiency depended on S/D, Re, T* and k*. The maximum efficiency was 
0.3 %, generally observed at S/D = 10.4, Re = 50645, T* = 2.7 and k* = 0.004. 
 
        
 
 
 
 
 
 
 
 
(a)                                                                                       (b)   
 
 
 
 
 
 
 
 
 
 (c)                                                                                      (d)      
Fig. 3. Cycle-averaged power versus S and U at L = 0 m, k = 0.35 mNm/deg : (a) D = 0.038 m; (b) D = 0.064 m;              
(c) D = 0.102 m; (d) cycle-averaged power versus S and U at L = 0 m, D = 0.038 m and k = 0.35 and 2.83 
mNm/deg.     
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           (e) 
                      Fig. 4. Efficiency versus S/D, Re, T* and k*. 
 
3.2. The optimum condition of an oscillating water turbine 
 
...The optimum condition which defined as condition of an oscillating turbine with maximum efficiency 
was at Reynolds number Re = 50645, the ratio of the longitudinal distance between cylinder and turbine S 
to diameter of cylinder D = 10.4, the reduced friction torque T* = 2.7 and the reduced spring stiffness  
k* = 0.004.                                                                                                                                                                        
                        
3.3. The dimensions of full-scale prototype with a cycle-averaged power of 100 W  
      
    From dimensional analysis using Buckingham Pi-theorem [4], the non dimensional averaged power is 
given by the following relation:   
    3 2 2 3 2 3/ (1/ Re, / , / , / )P U D f S D T U D k U DU U U             (4) 
                                          
These dimensionless groups and data from laboratory will be used to develop full-scale prototype with a 
cycle-averaged power of 100 W using the similarity methods. The prototype was designed to operate 
under the following conditions: 1) flow velocity U of 3 m/s and 2) The expected power output of 100 W.  
The dimensions of full-scale prototype with a cycle-averaged power of 100 W are listed in Table 2. (also 
shown in Fig. 5).  
Table 2. Dimensions of full scale prototype 
 
 
 
 
                                                                                                
          Fig. 5. Dimensions of full scale prototype. 
Parameters Specifications 
Diameter of cylinder (m) 0.37 
Cylinder length (m) 2.43 
Longitudinal distance between cylinder  
and turbine  (m) 
3.88 
Link length (m) 1.7 
Turbine (NACA0016) span (m) 2.43 
Turbine (NACA0016) chord length (m) 0.96 
Spring stiffness (Nm/deg) 2.02 
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4. Conclusion 
…This paper presented the oscillating water turbine, a new concept of hydrokinetic turbine inspired by 
fish-like motion. The device is based on using an oscillating turbine to extract energy from vortices which 
are produced from an upstream cylinder. From the results, we show conclusively that the turbine can 
passively oscillate through fluid-induced motion in a vortex street and generated a positive power. The 
parameters which affected mechanical power were free stream velocity U, diameter of cylinder D, the 
longitudinal distance between cylinder and turbine S, friction torque T and spring stiffness k. The 
efficiency depends only on the Reynolds number Re, the ratio of the longitudinal distance between 
cylinder and turbine S to diameter of cylinder D, the reduced friction torque T* and the reduced spring 
stiffness k*. Finally, the optimum condition of an oscillating water turbine and the dimensions of full-
scale prototype with a cycle-averaged power of 100 W were presented.    
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